A new and simple method for the determination of trace amounts of brilliant green was developed by coacervative extraction and spectrophotometry. The method is based on the extraction of brilliant green with coacervates made up of sodium dodecyl sulfate as an anionic surfactant, in the presence of saturated NaCl solution. The effect of various experimental parameters such as pH of solutions, concentration of surfactant and concentration of salt was investigated using central composite design based on response surface methodology. Under the optimum conditions the calibration graph was linear in the range of 0.03-2.2 µg mL −1 with a detection limit of 0.012 µg mL −1 . The relative standard deviation for seven replicates of 1.2 µg mL −1 brilliant green was 1.75%. The proposed method was successfully applied for the determination of brilliant green in different real samples including fish farming water, river water and tap water samples.
Introduction
Brilliant green (BG) is a triphenylmethane dye that has been used as antiseptic and fungicide in fisheries and aquaculture. This dye is effective in the prevention and treatment of certain fish disease (Culp et al. 2006) . It has also been used widely in dyeing cotton and paper industry for the production of cover paper (Mall et al. 1996; Srivastava et al. 2005; Mane et al. 2007 ). However, like two other dyes in the triphenylmethane family (malachite green and crystal violet), BG has generated critical concerns regarding its use in aquaculture, due to its reported toxic effects. It is readily absorbed into fish tissue from water and then causes serious damage to fish internal organs. Also, this dye has mutagenic and carcinogenic effects that affect human health (Dutta 1994; McKay et al. 1985; Krishna and Bhattacharyya 2003) . Thus, the use of BG has been banned in many countries including the USA, Canada and the European Union (Plakas et al. 1995) .
However, this hazardous dye is still being used in many parts of the world due to its low cost, high efficiency and easy accessibility. Therefore, the development of a sensitive and reliable method is essential for the determination of BG in various water samples. Several methods such as adsorption, chemical oxidation, dosimetry and membrane processes have been reported for the determination and removal of this dye (Robinson et al. 2001; Santhy and Selvapathy 2006; Lin and Lin 1993; Georgiou et al. 2003; Sarasa et al. 1998; Allegre et al. 2006; Fersi et al. 2005; Khan et al. 2002) . Most of these methods are expensive and require time-consuming and complicated instruments. The use of cloud point extraction (CPE) has gained considerable attention in the last few years, as it has an important potential to concentrate a wide variety of toxic elements while providing good recycling characteristics and high preconcentration yield in water samples. Nonionic surfactants, such as Triton X-100 and Triton X-114, have been widely used as the extracting agents for various compounds (Liu et al. 2007; Niazi et al. 2007) . Recently, coacervative extraction method (CAE) has been used for the extraction of various organic compounds and metal ions from environmental and biological liquid samples which is similar to CPE procedure (Yazdi 2011; Ballesteros-Gomez et al. 2010; Rubio and Perez-Bendito 2003; Bahram et al. 2015; Kukusamude et al. 2016; Hagarova et al. 2013; Melnyk et al. 2014 Melnyk et al. , 2015 Zhao et al. 2017; Xu et al. 2017 ), but it should be noted that CPE involves the phase separation of neutrally charged (nonionic or zwitterionic) surfactants induced by the temperature, while CAE involves phase separation of ionic amphiphiles induced by other parameters (e.g., addition of electrolytes, pH change, addition of organic co-solvents, or simple mixing of oppositely charged amphiphiles) (Yazdi 2011) . In CPE methods, high temperatures (sometimes > 70 °C) may affect the stability of the compounds of interest, but in the CAE method the clouding phenomenon can occur with anionic surfactants at low temperature and this procedure had no effect on the stability of the compounds (Shemirani et al. 2004; Sicilia et al. 2002) . Recently, micelle-mediated extraction using anionic surfactant has been applied for preconcentration and determination of malachite green in water samples, simultaneous determination of Co(II) and Ni(II), and spectrophotometric determination of Pb(II) and Cu(II) by Bahram et al. (Bahram and Khezri 2012; Bahram et al. 2011; . In fact, all of these procedures are kinds of CAE method that are performed at low temperature and give high recovery and low limit of detection (Shemirani et al. 2004; Sicilia et al. 2002; Bahram and Khezri 2012; Bahram et al. 2011 Bahram et al. , 2013 . To the best of our knowledge, no applications of coacervative extraction method using anionic surfactants for preconcentration and spectrophotometric determination of brilliant green have been previously reported. Several advantages are provided using anionic surfactant for CAE: (a) possibility of performing extractions at low temperatures, (b) the extraction can be carried out in a short time since equilibration time is not required (rapidity) and (c) these surfactants are absorbance-free in the UV-Vis region (Shemirani et al. 2004; Sicilia et al. 2002) . Micellar aqueous solution is produced by the addition of surfactant. The concentration at which surfactants begin to form micelle is known as the critical micelle concentration (CMC). The amount of surfactant added must be such to ensure the formation of micelle aggregates in the solution. (The final surfactant concentration must exceed the CMC of that surfactant.) The CMC of a surfactant depends on several factors, such as its molecular structure and experimental conditions such as ionic strength, counterions, temperature. Upon appropriate alteration of the conditions such as temperature or pressure, addition of salt or other additives, the solution becomes turbid due to the diminished solubility of the surfactant in water. Once the surfactant concentration exceeds the CMC and the solution becomes cloudy, the aqueous micellar solution separates into two isotropic phases: a surfactant-rich phase of small volume and a surfactant-poor phase of much higher volume (aqueous). Any component that binds to the micellar aggregate in solution can be extracted from the original solution and therefore be concentrated in the surfactant-rich phase (Depoi et al. 2012; Filik and Cekic 2011) . In this work CAE extraction using an anionic surfactant, namely sodium dodecyl sulfate (SDS), was applied to the preconcentration and determination of BG in water samples. The method is based on the extraction of BG with coacervates made up of SDS in the presence of saturated NaCl solution. For preconcentration purpose, 0.06% w/v aqueous solution of SDS in the micelle form, saturated solution of NaCl and aqueous sample were mixed and then kept in an ice bath. Thereby, cloud point or turbidity was obtained. The mixture was centrifuged to separate the surfactant-rich phase containing the analyte of interest. The surfactant-rich phase was diluted with a mixture of acetonitrile and water (1: 1) before being detected by spectrophotometric method. In this work the effects of various experimental parameters for preconcentration and determination of BG were investigated. Central composite design (CCD) and response surface methodology (RSM) were used for designing the experiments and optimization purpose.
Experimental

Apparatus
A Jasco Model 7850 UV-Visible spectrophotometer with 1-cm quartz cell (0.5 mL) was used for recording the absorption spectra and absorbance measurements. A centrifuge (4000 rpm, UromAzma Co.) was applied to accelerate the phase separation process. A Metrohm model 632 pH meter with a combined glass electrode was used for pH measurements.
Reagents
All chemicals used in the experiments were of analytical grade and used without further purification. All solutions were prepared with distilled water. All chemicals were purchased from Merck (Darmstadt, Germany). A stock solution of 10 −3 mol L −1 of BG was prepared by dissolving appropriate amount of BG in water. Working solutions were prepared by suitable dilution of the stock solution with distilled water. Aqueous 1% (w/v) solution of SDS was prepared by dissolving 1 g of SDS in 100 mL of hot distilled water. A phosphate buffer with a pH value of 4 was prepared by using phosphoric acid and sodium hydroxide at appropriate concentrations. The pH value was adjusted with a pH meter. A saturated solution of sodium chloride was prepared by dissolving appropriate amount of NaCl in water.
Statistical software
Essential Regression and Experimental Design for chemists and Engineers (EREGRESS), as MS Excel add-in software (Stephan et al. 1998 (Stephan et al. -2001 Bulacov et al. 2006) , was used to design the experiments and to model and analyze the results.
Central composite design
CCD was used to optimize the experimental variables. Three independent factors, namely the concentration of SDS (F1), pH (F2) and added volume of saturated NaCl (F3), were studied at five levels with four repeats at the central point, using a circumscribed CCD. For each of the three studied variables, high (coded value: + 1.428) and low (coded value: − 1.428) set points were selected as shown in Table 1 .
Also Table 2 shows the coded and actual values of designed experiments based on CCD methodology obtained using EREGRESS software.
For a special response, polynomial equations and response surface were produced using EREGRESS. For an experimental design with three factors, the model including linear, quadratic and cross-terms can be expressed as Eq. (1).
Within Eq. (1), F1-F3 are the variable parameters and b0-b9 are the coefficient values achieved through multiple linear regression (MLR) using EREGRESS. The response surface graphs were obtained through a statistical process describing the design and the modeled CCD data. Response surface methodologies graphically demonstrate relationships between parameters and responses and are the way to achieve an exact optimum (Stephan et al. 1998 (Stephan et al. -2011 Bulacov et al. 2006; Siouf and Phan-Tan-Luu 2000; Lundstedt et al. 1998; Araujo and Brereton 1996) .
The statistical significance of the predicted models was evaluated by the analysis of variance (ANOVA) and least squares techniques. The ANOVA consists in determining which of the factors significantly affect the response variables studied, using a Fisher's statistical test (F test). The importance and the magnitude of the estimated coefficients of each variable and all their possible interactions on the response variables were determined. Such coefficients for each variable represent the improvement in the response,
(1)
that is, the variable setting is expected to change from low to high. Effects with less than 95% of significance (effects with a p value higher than 0.05) were discarded and pooled into the error term, and a new analysis of variance was performed for the reduced model. Note that the p value represents a decreasing index of the reliability of a result (Siouf and Phan-Tan-Luu 2000) . Replicates (n = 4) of the central points were performed to appraise the experimental error.
Extraction procedure
An aliquot of the BG solution (so that its final concentration would be in the range of 0.03-2.2 µg mL −1 ), 0.6 mL SDS (1% w/v), 1 mL of phosphate buffer (pH 4) and 0.7 mL of saturated NaCl were placed in a 15-mL centrifuge tube. The solution was diluted to 10 mL with distilled water. Afterward, the sample was shaken and let stay in an ice bath for 25 min before centrifugation. A cloudy solution was formed. Separation of two phases was achieved by centrifugation for 6 min at 3000 rpm. The mixture was cooled in an ice bath in order to increase the viscosity of the surfactant-rich phase, and the aqueous phase was easily decanted by simply inverting the tube. The surfactant-rich phase obtained by this procedure was dissolved and diluted to 0.5 mL with a mixture of acetonitrile and water (1: 1) and transferred into a 0.5-mL quartz cell to measure the absorbance of the solution at 628 nm against a reagent blank. The blank solution was prepared in the same manner without BG.
Result and discussion
Experimental design
The absorbance of samples in maximum wavelength (628 nm) was measured in order to optimize three independent factors, namely the concentration of SDS (F1), pH (F2) and NaCl (F3). As mentioned, Tables 1 and 2 represent the levels of coded and actual tested experimental variables. The aims of this CCD strategy were (1) to study the effect of pH, saturated NaCl and concentration of SDS on the CAE determination of BG; (2) to identify the variables that have a higher impact on the extraction method; (3) to give an insight into the robustness of the procedure close to the optimum conditions; and (4) to eventually show the interactions between the variables. In order to find the important factors and build a model to optimize the procedure, we started with a full quadratic model including all terms of Eq. (1). To obtain a simple and yet realistic model, the unimportant terms (p > 0.05) were eliminated from the model through a 'backward elimination' process. The constructed model using all 10 terms of Eq.
(1) showed a relatively good fit. For this model, a regression coefficient (R 2 ) for calibration close to 1 was achieved. Some of these 10 regression variables are insignificant or at least have low significance and should be eliminated from the model. Since (R 2 ) always decreases when a regression variable is eliminated from a regression model, in statistical modeling the adjusted regression coefficient (R 2 adj), which takes the number of regression variables into account, is usually selected (Bulacov et al. 2006; Siouf and Phan-Tan-Luu 2000; Lundstedt et al. 1998; Araujo and Brereton 1996) . Also the prediction coefficient (R 2 pred), which shows the predictive power of the model, is chosen for the same reason. This parameter was approximated using the prediction error sum of squares or PRESS that was calculated from residuals, which are based on a regression model with one data point removed. So, R 2 , adjusted R 2 (R 2 adj) and R 2 for prediction (R 2 pred) together are very convenient to get a quick impression of the overall fit of the model and the predictive power based on one data point removed. In a good model, these parameters should not be too different from each other. However, for small data sets, it is very likely that every data point is influential. In these cases, a high value for R 2 for prediction (R 2 pred) cannot be expected (Bulacov et al. 2006) . By the elimination of insignificant parameters from Eq. (1), calibration R 2 decreased finally to 0.933, but adjusted R 2 (R 2 adj) and R 2 for prediction (R 2 pred) increased nearly to 0.887 and 0.703, respectively. The obtained reduced models using significant linear, quadratic and interaction parameters are shown in Table 3 . (It should be mentioned that the regression equation was obtained using un-coded values of parameters.) For this case, the adjusted R 2 was well within the acceptable limits and there were no large Abs = b0 + b1*SDS + b2*pH + b1 b3*NaCl + b4*SDS*SDS + b5* pH * pH + b6* pH *NaCl +b7*NaCl*NaCl 
Response surface and selection of optimum conditions
In order to gain insight into the effect of each variable, the three-dimensional (3D) plots for the predicted responses were also prepared, based on the model function to analyze the change of response surface. For example, Fig. 1 shows some of the response surface plots that show the relationship between two variables and absorbance of samples, while third variable was kept at a center level.
As shown in Fig. 1 there was a nonlinear relation between the response and variables, because the surface plots of the response showed curves. In Table 3 several linear, squared and interaction parameters are shown which are statistically significant. The selection of optimum conditions for the method is possible from the response surface plots (Fig. 1 ). These results demonstrate that the response surfaces have a flat optimum. The plots show the interaction between the mentioned factors when the third factor has been fixed at a central point. The results (Fig. 1) show a pronounced dependency of absorbance to all of the investigated experimental variables. Also these plots show that there are interactions between the variables (see Table 3 ). Finally, optimum conditions were selected from the obtained model for further examination (Table 4) . Table 5 summarizes the analytical characteristics of the optimized method, including the regression coefficient, the linear range, the limit of detection and the reproducibility. The limit of detection, defined as C L = 3 S B /m (where C L , S B and m are the limit of detection, standard deviation of the blank and the slope of the calibration graph, 0.012 Repeatability (RSD) (c) 1.75% respectively), was 0.012 µg mL −1 . The proposed method showed an excellent repeatability (RSD < 5% for 7 replicate determinations of 1.2 µg mL −1 BG) using the optimum values obtained through CCD.
Analytical characteristics of the proposed method
Interferences
In order to study the selectivity of the proposed method, the effect of various cations and anions on the preconcentration and determination of 0.15 µg mL −1 BG was tested under the optimum conditions. An ion was considered as interferent when it caused a variation in the absorbance of the sample greater than ± 5%. As the results show in Table 6 , large excess amounts of common cations and anions do not interfere with the determination of BG. Thus, a very good selectivity is achieved. Also the interferences of two anionic dyes, namely methyl orange and Eriochrome Black T, were investigated under the optimum conditions. There was no response for 100 µg mL −1 of methyl orange and Eriochrome Black T using this procedure. These results were probably due to the intermolecular electrostatic repulsion between SDS and these anionic dyes.
Application of the proposed method
In order to evaluate the analytical applicability of the proposed method it was applied to the determination of trace amount of BG in tap water, fish farming water and river water samples. The water samples were analyzed after filtering through Whatman filter paper. Spiking BG to the water samples performed the validity of the procedure. The results are shown in Table 7 . The good agreement between the results and known values indicated the successful applicability of the proposed method for the determination of BG in real samples.
Conclusion
The determination of BG in water samples was successfully performed using coacervative extraction and spectrophotometric method. The proposed method is rapid, simple, safe, easy to use and inexpensive. The use of anionic surfactant for the CAE method offers some significant advantages compared with nonionic surfactant micelle-mediated extraction. The method can be performed at low temperature and has no effect on the stability of the compounds of interest. The stability of most chemicals decrease at higher temperatures, and therefore these components cannot be extracted by traditional CPE methods which need the temperature to be increased. The proposed method provides high recovery, low detection limit and uses of salt and avoids using large amount of concentrated acid for extraction. This paper shows that the use of experimental design enabled a subsequent advantage in terms of labor time and number of experiences to optimize the conditions of experiments for CAE and determination of BG. By using central composite design and subsequently response surface methodology the effect of independent variables such as pH, NaCl and SDS concentration on the determination of BG were studied and the optimum conditions were obtained; also, the possible interactions between variables were shown. The analysis of spiked samples with good results indicates that this method is suitable for the determination of BG in the real samples.
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